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The objective of the study was to identify prevalence, types and predictors of potential drug-drug 
interactions (pDDIs) in pulmonology ward and to report common interactions. Medical records of 400 
randomly-selected patients were reviewed for pDDIs using Micromedex Drug-Reax software. Logistic-
regression was applied to determine predictors of pDDIs. We identified 126 interacting-combinations 
that encountered in total 558 pDDIs with median number of 01 pDDI per patient. Overall 45% patients 
had at least one pDDI; 24.25% were having at least one major pDDI, and 36% patients had at least one 
moderate pDDI. Among 558 identified pDDIs, most were of moderate (53.6%) or major severity (34%); 
good (74.2%) or fair (16.3%) type of scientific-evidence; and delayed onset (70%). Top 15 common 
pDDIs included 6 major, 7 moderate and 2 minor interactions. There was significant association of the 
occurrence of pDDIs with patient with age of 60 years or more (p <0.001), hospital stay of 7 days or 
longer (p = 0.01) and taking 7 or more drugs (p <0.001). We have recorded a high prevalence of pDDIs in 
pulmonology ward, most of which were of moderate severity. Patients with old age, long hospital stay 
and increased number of drugs were more exposed to pDDIs. 

 

Key words: Drug-drug interactions, potential drug-drug interaction, prescriptions screening, drug related 

problems, clinical pharmacy. 

 

INTRODUCTION 

 

The term drug-drug interactions (DDIs) refer to alteration 
in the pharmacokinetics or effects of a drug by the 
presence of another drug (Baxter, 2010). It can lead to 
increased toxicity and untoward effects of many drugs 
e.g., concomitant use of acetaminophen with isoniazid is 
associated with higher risk of liver toxicity (Nolan et al., 
1994). On the other hand, DDIs can affect therapeutic 
response as well e.g., rifampin reduces antimicrobial 
effect of clarithromycin (Yamamoto et al., 2004). Studies 
have demonstrated that old age, taking increased  
number of medications, long hospital stay, gender  
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and comorbid conditions are common predictors of DDIs 
(Doubova et al., 2007; Gagne et al., 2008; Johnell and 
Klarin, 2007; Juurlink et al., 2003; Katona, 2001; Nobili et 
al., 2009; Riechelmann et al., 2005).  

In hospitalized patients, the issue of DDIs needs more 
attention due to severity of disease, comorbid conditions, 
chronic diseases, polypharmacy, complex therapeutic 
regime, and frequent modification in therapy (Zwart-van 
Rijkom et al., 2009). Krahenbuhl-Melcher et al. (2007) 
reported that during hospitalization, 17% of all adverse 
drug events are caused by DDIs.  

The potential clinical consequences of DDIs are 
predictable; therefore they are mainly considered 
preventable problems (Juurlink et al., 2003). Studies that 
explore occurrence and clinical importance of pDDIs will 
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help physicians and clinical pharmacists to identify and 
prevent these interactions. Substantial numbers of 
studies have been conducted on drug interactions in 
internal medicine wards (Egger et al., 2003; Fokter et al., 
2010; Glintborg et al., 2005; Vonbach et al., 2008). To the 
best of our knowledge, no pharmacoepidemiological data 
are available regarding the evaluation of pDDIs in 
pulmonology wards. Therefore, the aim of our study was 
to identify prevalence, types and predictors of pDDIs in 
pulmonology ward. A second aim was to report 
commonly occurring interacting drug-combinations in 
pulmonology ward. 
 

 
METHODS 
 
Study design and approval 
 
This cross-sectional study was carried out using medical charts of 
400 randomly-selected patients who had been admitted to 
pulmonology ward of the hospital during a 1-year period from 1st 
September 2008 to 31st August 2009. This study was approved by 
the Ethical Committee of the Department of Pharmacy, University of 
Peshawar. 

 

Setting 
 
We conducted this study in pulmonology ward of Ayub Teaching 
Hospital (ATH), Abbottabad, KPK, Pakistan. ATH is a 1000-bed 
tertiary care teaching hospital that provides health care and referral 
services to a population of more than 400,000 inhabitants of 
Abbottabad and many Northern Areas of Pakistan including 
Mansehra, Kohistan and Azad Jammu and Kashmir. In ATH, there 
are general medical, general surgical and obstetrics/gynaecology 
wards (three each); paediatrics, ENT and ophthalmology wards  
(two each); pulmonology, psychiatry, dermatology, 
gastroenterology, urology, orthopaedic, cardiothoracic, oncology 
and endocrinology ward (one each), and an accident and 
emergency department. 

 

Sample size 
 
We used the following formula for the estimation of sample size: 
 

n = z
2
 p(1-p) / d

2
 

 
where n is sample size, Z is Z-statistic for a level of confidence, P is 
anticipated prevalence or proportion and d is margin of error (Wild 
and Seber, 1999).  

In the aforementioned formula, we used anticipated prevalence of 
50%; 5% margin of error; and 95% confidence level. A minimum 
sample size of 384 was obtained. For our study, we considered it 
equivalent to 400. This sample was randomly taken from a 1-year 

period data (from 1
st

 September 2008 to 31st August 2009), during 
which total 1700 patients were admitted to ward. 
 
 
Data collection and screening of pDDIs 
 
Permission was obtained from hospital administration to conduct 
this study in pulmonology ward. Medical charts were screened for 
pDDIs using drug interaction software, Micromedex Drug-Reax® 
System (Anonymous, 2011). During screening, we considered all 

 
 
 
 

 
prescribed medications used by the patients in hospital, that is, from 
the time of admission till discharge and that included all regular and 
PRN (pro re nata: as required) medications. PDDIs were classified 
into different types as follows. 
 

 
Onset 
 
Rapid: The effect of interaction will occur within 24 h of 
administration. 
 
Delayed: The effect will occur if the interacting combination is 
administered for more that 24 h, that is, days to week(s). 
 

 
Severity 
 
Contraindicated: The drug-combination is contraindicated for 
concurrent use. 
 
Major: If there is risk of death and/or medical intervention is 
required to prevent or minimize serious negative outcome. 
 
Moderate: The effect of interaction can deteriorate patient’s 
condition and may require alteration of therapy. 
 
Minor: Little effects are produced that do not impair therapeutic 
outcome and there is no need of any major change in therapy. 
 

 
Scientific evidence (Documentation) 
 
Excellent: The interaction has been clearly demonstrated in well-
controlled studies. 
 
Good: Studies strongly suggest that the interaction exists except 
proof of well-controlled studies. 
 
Fair: Available evidences are poor, but clinicians suspect the 
interaction on the basis of pharmacologic considerations, or, 
evidences are good for an interaction of pharmacologically similar 
drug. 
 
Poor: Theoretically the interaction may occur but reports are very 
limited, such as few case reports. 
 
Unlikely: Data are very poor and lack a proper pharmacologic 
basis. 
 

 
Statistical analyses 

 
Results are presented as median, ranges and proportions, where 
appropriate. We used logistic regression to calculate the odds ratio 
for specific risk factors including age, gender, hospital stay and 
number of drugs. Exposure to pDDI(s) was the dependent variable 
in the model (0 = absent, 1 = present). The following variables were 
included in the model as predictors of pDDIs: patient’s age (1 = 
below 60 years; 2 = 60 years or older), gender (1 = female; 2 = 
male), hospital stay (1 = less than 7 days; 2 = 7 days or above), and 
number of drugs (1 = less than 7; 2 = 7 or above). We used “Enter” 
method for analysis. The Hosmer–Lemeshow test was used to 
check goodness-of-fit of the model. P-value of 0.05 or less was 
considered statistically significant. SPSS for Windows version 16 
(SPSS, Inc., Chicago, IL, USA) was used for all statistical analyses. 
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Table 1. General patient characteristics.  

 
 Gender Patients: n (%) 

 Male 176 (44) 

 Female 224 (56) 

 Age (years) Patients: n (%) 

 ≤14 11 (2.75) 

 15-30 63 (15.75) 

 31-45 75 (18.75) 

 46-59 68 (17) 

 ≥60 183 (45.75) 

  Years 

 Median 55 

 Range 2-100 

 Hospital stay (days) Patients: n (%) 

 ≤3 133 (33.25) 

 4-6 164 (41) 

 ≥7 103 (25.75) 

  Days 

 Median 5 

 Range 1-22 

 Prescribed medications per patient Patients: n (%) 

 <4 52 (13) 

 5-6 132 (33) 

 ≥7 216 (54) 

  Drugs 

 Median 7 

 Range 1-19 
 

 

RESULTS 

 

General patient characteristics 

 

Of the total 400 patients, 176 (44%) were male and 224 
(56%) were female; median age was 55 years; median 
hospital stay was 5 days and median number of 
prescribed medications was 7 (Table 1). 
 

 

Prevalence of pDDIs 

 

In our study, we identified total 558 numbers of pDDIs 
and 126 types of interacting combinations. Overall, 180 
(45%) patients had at least one pDDI regardless of type 
of severity; 97 (24.25%) and 144 (36%) patients were 
having at least one pDDI of major and moderate severity, 
respectively (Table 2). Minor and contraindicated types of 
pDDIs were least prevalent. In majority cases 1 to 2 

 

 

pDDIs per patients were identified with median of 01 
pDDI. 
 

 

Types of pDDIs 

 

The identified pDDIs were classified on the basis of level 
of onset, severity and scientific evidence. Table 3 shows 
these types for 558 numbers of pDDIs. Among 558 
pDDIs, most were of moderate (299, 53.6%) or major 
severity (190, 34%); good (414, 74.2%) or fair (91, 
16.3%) type of scientific evidence; and delayed onset 
(390, 70%). 
 

 

Common interacting drug-combinations 

 

We identified a total 126 types of interacting drug-
combinations. Common combinations of major, moderate 
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Table 2. Prevalence of potential drug-drug interactions (pDDIs).  

 
Types of pDDIs Patients:  n (%) 

Overall* 180 (45) 

Contraindicated 6 (01) 

Major 97 (24.25) 

Moderate 144 (36) 

Minor 49 (12.25) 

 
Number of pDDIs per patient Patients:  n (%) 

1-2 95 (23.75) 

3-5 55 (13.75) 

≥6 30 (7.5) 

 
 PDDIs (n = 558) 

Median 01 

Range 1-9 
 

* Overall prevalence means presence of at least one pDDIs 
regardless of severity-type. 

 
 

 
Table 3. Levels of the identified potential drug-
drug interactions (pDDIs).  

 
  Frequency (in 
 Level 558 pDDIs) n 
  (%) 

 Severity  

 Contraindicated 6 (01) 

 Major 190 (34) 

 Moderate 299 (53.6) 

 Minor 63 (11.3) 

 Documentation  
 Excellent 53 (9.5) 

 Good 414 (74.2) 

 Fair 91 (16.3) 

 Onset  
 Rapid 168 (30) 

 Delayed 390 (70) 
 
 

 

and minor severities along with their frequencies are 
shown in Table 4. Top 15 frequently occurring pDDIs 
included 6 major, 7 moderate and 2 minor types of 
pDDIs. 
 

 

Predictors of pDDIs 

 

In logistic regression analysis (Table 5), there was 
significant association of the occurrence of pDDIs with 
patient age of 60 years or more (p = <0.001), hospital 

 
 
 
 

 

stay of 7 days or longer (p = 0.01) and taking 7 or more 
drugs (p = <0.001). 
 

 

DISCUSSION 

 

Overall prevalence of pDDIs in our study was 45%. In 
other studies a prevalence rate of 27.8% in hospitalized 
patients (Zwart-van Rijkom et al., 2009); 51 to 60% in 
interanal medicine wards (Egger et al., 2003; Fokter et 
al., 2010) and 63% in oncology wards (Riechelmann et 
al., 2005) have been reported. In our study, prevalence of 
pDDIs of major severity was 27.2%. Fokter et al. (2010) 
reported pDDIs of major severity in 13% patients and 
Egger et al. (2003) in 12.2% patients. We recorded 
average 1.4 and median number of 01 pDDI per patient in 
our study. Average 1.44 pDDIs per patient and median 
pDDIs of 2 per patient have been reported by other 
studies. (Egger et al., 2003; Fokter et al., 2010). This 
comparison indicates that pDDIs in pulmonology ward are 
as imporatant as in other wards.  

All pDDIs are not equally harmful. Therefore, different 
drug interactions compendia classify drug interactions on 
the basis of severity, onset, evidences in scientific 
literature and management options (Anonymous, 2011; 
Hansten and Horn, 2008; Tatro, 2009). Identification of 
levels for each pDDI is very helpful in assessing its 
potential clinical importance and for appropriate 
management. For this purpose, we categorized all 
identified pDDIs into different types (Table 3). Our 
findings regarding these types of pDDIs are consistent 
with many other studies (Cruciol-Souza and Thomson, 
2006; Egger et al., 2003; Fokter et al., 2010; 
Riechelmann et al., 2005). In our study, the “Major” and 
“Moderate” severity and “Good” scientific evidence, 
identified for majority of pDDIs are of special concern. 
These findings suggest that the identified pDDIs have 
high potential to deteriorate patients’ clinical condition or 
to alter therapeutic response. We recommend careful 
monitoring in order to avoid the negative outcomes of 
these pDDIs.  

Common interacting drug-combinations of major and 
moderate severity are very important for practitioners 
because these pDDIs are more likely to produce negative 
outcomes (Table 4). Concurrent use of isoniazid and 
rifampin is associated with higher risk of hepatotoxicity 
than with either agent alone. Use of this combination is 
common and therapeutically valuable. Caution is required 
in patients with hepatic impairment, malnourished 
patients, the elderly, and children under 2 years of age. 
Patients should be monitored for clinical symptoms of 
liver toxicity including fever, anorexia, vomiting and 
jaundice (Baxter, 2010; Yew and Leung, 2006). 
According to CDC (Centers for Disease Control and 
Prevention) update and some other reports, combination 
of rifampin with pyrazinamide may result in severe 
hepatic injury. Extreme caution is advised in case of high 
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Table 4. Common interacting drug-combinations.  

 
 Interaction  Frequency 

 Contraindicated interactions  

 Thioridazine + fluoroquinolones (levofloxacin or sparfiloxacin) 5 

 Major interactions  
 Isoniazid + rifampin; rifampin + pyrazinamide 38 each 

 Spironolactone + captopril 18 

 Potassium chloride + spironolactone 15 

 Potassium chloride + captopril 13 

 Digoxin + spironolactone 10 

 Clopidogrel + aspirin 8 

 Clopidogrel + esomeprazole; clopidogrel + omeprazole; gentamicin + furosemide 4 each 

 Heparin + aspirin; heparin + nitroglycerin 3 each 

 Moderate interactions  
 Dexamethasone + rifampin 41 

 Furosemide + captopril 38 

 Acetaminophen + isoniazid 20 

 Digoxin + furosemide 16 

 Prednisolone + rifampin 15 

 Furosemide + aspirin 13 

 Levofloxacin + prednisolone 12 

 Aminophylline + rifampin 9 

 Aspirin + dexamethasone; nitroglycerin + aspirin 8 each 

 Alprazolam + theophylline; captopril + aspirin; clarithromycin + rifampin 7 each 

 Minor interactions  
 Aminophylline + furosemide 14 

 Theophylline + furosemide 11 

 Isoniazid + prednisolone 7 

 Aminophylline + clarithromycin; aminophylline + ranitidine; theophylline + ranitidine 5 each 
 
 
 
 

Table 5. Logistic regression analysis*.  
 

 
Variable 

 Patients: n (%) 
OR** (95% CI**) P-value  

 

Interaction present (n = 180 ) Interaction absent (n = 220 ) 
 

     
 

 Patient age (years)     
 

< 60  65 152 
3.85 (2.16-6.84) <0.001 

 

> 60 
 

115 68  

   
 

        

 Gender     
 

 Female 78 98 
0.99 (0.56-1.76) 0.99 

 

 
Male 102 122  

   
 

 Hospital stay (days)     
 

< 7  104 193 
2.33 (1.22-4.44) 0.01 

 

> 7 
 

76 27  

   
 

         

 
 

Number of drugs  
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 Table 5. Contd.     
 

      
 

 < 7 16 168 
27.62 (14.57-52.37) <0.001 

 

 
≥ 7 164 52 

 

   
 

 
*Hosmer–Lemeshow goodness-of-fit test: P = 0.6; ** OR: Odds ratio; CI: Confidence interval. 

 
 

 

risk situations e.g., use of other hepatotoxic drugs, 
underlying liver disease, use of excessive alcohol and 
history of isoniazid-induced hapatoxicity. Liver function 
tests should be monitored throughout the use of this 
combination (Anonymous, 2003; Kunimoto et al., 2003; 
McNeill et al., 2003). Combination of spironolactone with 
captopril may result in hyperkalemia. Although such 
increase is usually transient, it is of special concern in 
patients with renal impairment or diabetes, those with a 
risk for dehydration, and in the elderly. In such situations, 
the hyperkalemia associated with this combination may 
lead to severe arrhythmias and death. It is suggested to 
monitor the patient and to limit the dose of spironolactone 
to 25 mg daily or on alternate day (Wrenger et al., 2003). 
Concurrent use of potassium chloride with spironolactone 
can lead to severe and even life-threatening 
hyperkalemia. Common manifestations of hyperkalemia 
include muscular weakness, paraesthesia, flaccid 
paralysis of the extremities, fatigue, bradycardia, 
electrocardiogram (ECG) abnormalities and shock. 
Potassium chloride and other potassium supplements are 
better to avoid during spironolactone-use, otherwise close 
monitoring of serum-potassium level is required (Baxter, 
2010; Greenblatt and Koch-Weser, 1973). Concurrent 
use of potassium chloride with captopril can cause severe 
hyperkalemia that may lead to death especially in renally 
impaired and elderly patients. Patients should be 
monitored and should be advised to restrict excessive 
potassium use (Anonymous, 2011; Ray et al., 1999). 
Rifampin can reduce the pharmacological effects of 
corticosteroids (dexamethasone and prednisolone). It is 
suggested to monitor corticosteroid effects and increase 
the dose if necessary. A dose reduction may be 
necessary if rifampin is discontinued (Carrie et al., 1994; 
Gupta et al., 1995). The combination of captopril with 
furosemide is normally safe and effective, but first-dose 
hypotension can occur that is manifested by dizziness, 
lightheadedness, fainting. Such effects are more likely if 
the dose of diuretic is high or if there is some 
predisposing conditions. This is a well established 
interaction therefore dose adjustment and monitoring is 
suggested (Baxter, 2010; Mclay et al., 1993). 
Concomitant use of acetaminophen with isoniazid can 
lead to increased risk of liver toxicity. Usual analgesic 
doses of acetaminophen (4 g per day) may not be safe in 
some individuals, therefore its use should be limited in 
patients taking isoniazid (Nolan et al., 1994). Furosemide 
causes hypokalemia that increases digoxin toxicity 
(nausea, vomiting, cardiac arrhythmias). Serum- 

 
 
 

 

potassium should be monitored and patient should be 
educated to maintain adequate intake of dietary 
potassium and/or potassium supplements (Steiness and 
Olesen, 1976). Concurrent use of furosemide and aspirin 
may result in reduction of the diuretic effect of 
furosemide. This combination may cause acute renal 
failure in cases of pre-existing hypovolaemia or 
dehydration. Moreover, the risk of aspirin-induced 
ototoxicity (high dose effect) would be greater if given 
with other ototoxic drugs like furosemide. Patients should 
be monitored for therapeutic and toxic effects; and high 
dose aspirin should be avoided if given in combination 
with furosemide (Bartoli et al., 1980; Yorgason et al., 
2006). The practitioners should monitor the patients 
carefully for all potential clinical consequences of these 
interactions to manage them accordingly.  

Our findings regarding significant association of pDDIs 
with old age, long hospital stay and taking increased 
number of drugs are consistent with other studies 
(Doubova et al., 2007; Gagne et al., 2008; Johnell and 
Klarin, 2007; Riechelmann et al., 2005). These predictors 
of pDDIs should be considered in clinical practice to 
prevent negative clinical consequences of interactions. 
 

 

Conclusions 

 

In our study, we have recorded a high prevalence of 
pDDIs in pulmonology ward, most of which were of 
moderate severity. Patients with old age, long hospital 
stay and increased number of drugs were more exposed 
to pDDIs. We recommend careful monitoring in order to 
avoid the negative outcomes of these pDDIs. 
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